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(54) Title: PRODUCTION OF INGOTS FOR MICROCOMPOSITE MANUFACTURE BY PLASMA MELTING 



(57) Abstract 

Ingots from the manufacture of deformation processed 
composites are formed by high energy melting of interspersed 
metal components at high input pressure, and high rate reso- 
lidification, to produce a dispersed structure containing fine 
particles (1-10 microns in diameter) of one component in a 
matrix of the other(s). D.C. transferred arc (20) plasma melt- 
ing is used for the high energy melting and superheating of a 
feed stock billet (10) and of an ingot melt zone (72). Electrom- 
agnetic stirring is used in homogenization of the melt. The 
composite can be deformed mechanically to reduce particle 
thickness and elongate the particles and strengthen the com- 
posite as a whole. 
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MEETING 



FIELD OF THE INVENTION, OBJECTS, BACR3K0GND 

The present invention relates to formation of metal 
5 composite systems. 

Several known metal alloy systems, fiber reinforced- 
metal matrix composite systems and ceramic-ceramic ccrcposites 
have limitations that make those systems only marginally 
acceptable in present high terrperature, high strength, high 
10 conductivity applications and in other like applications. In- 
situ, or deformation-processed, composites have been used in 
these applications with success. 

It is a principal object of the invention to provide a 
method of production of ingots, affording optimized properties of 
15 deformation-processed conposites made from the ingots. 

It is another principal object of the invention to 
produce a dual phase ingot consisting of primary particles of one 
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phase in a matrix of another phase which is suitable for the 
manufacture of an in-situ composite. Hie phases may be pure 
metals or alloys in any combination, pure metal -pure metal, pure 
metal-alloy, alloy-pure metal or alloy-alloy. The term pure 

5 metal includes elements and chemical compounds of metals 
including inter metallic cxanpounds and other compounds, e.g. 
oxides, nitrides, carbides and other ceramic forms. The terms 
"pure metal" and "alloy" each allow for tolerable levels of 
iitpurity inclusions. The method of production allows the con- 

10 trolled melting, alloying and solidification of the appropriate 
feed stocks into ingots for in-situ composite manufacture. The 
method of production allows the melting, alloying and 
solidification for feed stocks comprised of components with 
widely varying physical properties including melting temperature 

15 and vapor pressure. 



SCMffiEY OF THE INVENTION 

The objects of the invention are realized by plasma 
melting as hereinafter described. 

Incpgts or other cast products produced by this method of 
20 production are superior to similar ingots produced by other 
methods due to the formation of smaller sized primary particles 
in the as-cast ingot. The production of these ingots with 
smaller primary particle sizes results in greater efficiencies in 
the manufacture of in-situ ccanposites. This greater efficiency 
25 is related to a significant reduction in the total amount of cold 
work required to produce final product shapes having similar 
mechanical and physical properties compared to prior art products 
and processes conventionally used. 
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Plasma melting produces ingots for the manufacture of 
in-situ composites with the desired small size primary particles. 
The plasma melting process involves the use of a DC transferred 
plasma arc in an inert gas environment (at about atmospheric 

5 pressure, i.e. 0.5 -— 2.0 atmospheres) to transfer energy to the 
feed stock to be melted. The high energy density characteristics 
of the transferred arc together with the high temperatures found 
in the plasma gas enable the multiple components of the feed 
stock to melt simultaneously regardless of wide variations in 

10 melting point. The operation of the process at or above 
atmospheric pressure supresses the volatilization of high vapor 
pressure constituents, when these constitutents are superheated 
to abnormally high temperatures. The plasma melting process 
enables the use of continuously variable electromagnetic stirring 

15 of the molten pool. 

An original feed stock assemblage is subjected to high 
power input, rapid melting (and molten material is removed there- 
from, usually by gravity, to a melt collection location) to form 
a pool of melted-tcgether components with the high power input 

20 contributing to rapid melting and superheating of the melt and to 
melt stirring. The molten pool is rapidly resolidified to 
achieve a new finely divided micro-composite ingot or other 
specifically cast product characterized by irdcrostructure which 
shows a micro-composite of the original immiscible components 

25 more finely divided than in the original pre-melt assemblage, 
generally in the form of finely dispersed dendrites or spheroids 
of one to ten microns average diameter, of the higher melting 
point component in a matrix of the lower melting point 
component (s) . The ingot, or the like, so produced by this 

30 initial melting can be remelted by conventional arc or electron 
beam melting of the ingot itself. Such remelt can be at low 
temperature to form castings having structures similar to highly 
worked material. 




The high input power melting for def ormation-prxxsessed 
composite ingot formation is preferrably achieved by d.c. 
transferred arc, plasma torch melting and preferrably in 
operation at superatmospheric pressure, inert gas environments to 
5 limit vaporizing, at the surface of the melt, of any of the melt 
components. 

After malting and resolidification the composite is 
deformed in a high force, high strain process such as rolling or 
drawing, 

10 The end material results of the foregoing processing (in 

the as-cast or as-worked conditions) provide substantial 
departures from prior art limitations on materials properties. 
For example, the conventional cqpperHoeryllium alloys vised in 
high temperature aerospace, electrical and electronic 

15 applications (despite known drawbacks of cost, weight and 
production problems, including toxicity) can be replaced by a 
nidbium-ccpper deformation-processed composite material system of 
the present invention in a five to thirty weight percent of 
niobium, balance essentially copper, with a microstructure of 

20 less than one micron thickness ribbons or filaments of niobium in 
the copper matrix after deformation of the ingots as described 
above. The unusual strengths of these composites while 
maintaining high conductivity reflect favorable variances 
relative to a Law of Mixtures projection at each percentage in 

25 the ratio range given. Further the niobium-copper microcanposite 
series includes several alloy systems superior to conventional 
berylliurarccpper alloys in high temperature cxnductivity and 
strength, to an extent enabling production of mill products 
(e.g., wire) with the new micro-cooposite system equivalent in 

30 properties to the old alloy system with a substantial weight 
saving on the order of fifty percent. 
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Similar substitution of the new micro-composite systems 
for traditional metal alloy and element systems, and even for 
certain ceramic systems, can yield improved brake and clutch sys- 
tems, motor windings, heat exchanges, electrical arc contacts, 
5 connectors, brushes for motors and generators. In many of these 
applications improved contact erosion resistance can be achieved 
through the new systems. 

As noted above, substantial production advantages are 
also achieved through the invention in that the extent of cold 

10 working from cast to final product shape can be reduced while 
producing the desired microstructure and target physical 
properties in the final product. Production advantages are also 
realized through the invention's close control of gross 
composition and of uniformity of distribution of desired 

15 composition, phases and crystal sizes within the final product. 

Other objects, features, and advantages will be apparent 
from the following detailed description of preferred embodiments 
taken in conjunction with the accompanying drawings in which: 
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EKCEF EESCRLPilLCK OF THE DRAWINGS 

FIG. l is a cross-section view of an initial assemblage 
lay-out, as described above, as applied to a nicfcium-cqpper 
system; 

FIGS. 2-3 are cross-section views in two embodiments of 
5 a melt pool surrounded by schematically shown elements of the 
melt processing system (using a single plasma torch for feed melt 
and crucible pcwer input in FIG. 2 and multiple torches in FIG. 
3); 

FIGS. 4-5 are top views of molten pools showing plasma 
10 beam deflection at the pool surface (by deflecting a gimbal- 
mourrted plasma torch per se) ; 

FIGS. 6, 7 and 8 are sm-photcmdcrographs (l,O0OX) of 
structures of materials (of final ingots) made through practice 
of the method of the invention in certain embodiments; arxJ 



15 



FIGS. 9-10 are plots of strength vs. diameter (FIG. 9) 
and electrical conductivity vs. diameter (FIG. 10) of wire 
produced from ingots of the photomicrographs. 
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DETAILED DESCKLETIQN OF DEFERRED EMBODIMEUTS 



Ingots are pref errably formed by melting composite bars 
of the desired constituents in a transferred d.c. plasma arc and 
collecting and solidifying the molten metal in a collection 

5 crucible or the like, in a controlled manner. Other methods of 
providing the feed stock to the molten pool could also be used. 
Both components of the feed stock could be provided in granular 
form and continuously fed into the crucible by various 
configurations including weigh feeders. The components could be 

10 provided in the form of a pressed bar made from powders of the 
components. Alternatively one or more of the components can be 
introduced to the crucible in the form of a liquid metal. 

Die composite bars for melting are formed by asssembling 
multiple components of the appropriate constitutents in the same 

15 ratio as in the desired ingot. Hie basis for the ratio may be 
either volume or weight percent. One individual components of 
the assemblage may be any form or combination of bars, sheet, 
rod, wire, granules, or powder. The components of each of the 
constituents are interspersed with one another to form a 

20 relatively uniform distribution of constituents along the length, 
width and thickness of the bar. This assemblage is compressed to 
provide good contact between the individual components and may be 
welded together. This bar is then melted in a transferred plasma 
arc in a furnace containing an inert gas atmosphere. The 

25 pressure within the furnace chamber will vary with the material 
system being melted. In normal operation, the furnace pressure 
will always be greater than or equal to one atmosphere. However, 
there may be material systems in which melting could be done at 
sub-atmospheric pressures. The melting process begins by 

30 establishing a molten pool in the withdrawal crucible. Prior to 
the melt, a stump of the material to be melted is installed on 
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the end of the ingot withdrawal cylinder. The stump is then 
positioned in the withdrawal crucible so that its top is at the 
desired level of the liquid metal in the crucible. The stunp in 
this position seals the bottom of the crucible. The arc is 
5 struck and directed at the stunp. As the stunp is heated, the 
top portion of the stunp becomes molten while the bottom portion 
remains solid and mechanically attached to the ingot withdrawal 
cylinder. The molten stunp forms the initial molten pool. 

The cxxnposite bar then is fed ^^hftTiimlly infca the 
10 space over the crucible. The transferred plasma arc is 
maintained alternately between the composite bar and the molten 
pool and the crucible. When the plasma torch directs the arc at 
the canposite bar, the bar melts and the resulting molten metal 
drips into the crucible. The molten pool is maintained in the 
15 crucible by the intermittent application of the arc to the pool. 
As liquid metal is added to the pool, the stunp is withdrawn to 
maintain the liquid level in the crucible. The ingot is formed 
by the solidification of the molten pool as the ingot is 
withdrawn. 

20 The solidification of the molten pool is controlled 

through the adjustment of pcwer input to the pool, crucible 
design, the application of elec tru i i ag n etic stirring, cooling 
water flew rate and the withdrawal rate. The pewer input to the 
pool is controlled through the adjustment of arc residence time 

25 on the pool in a single torch operation. In a multi-torch 
operation, the current level of the torch an the pool can be 
varied independently to control power input. The electrroagnetic 
stirring current can be varied or coritinuaus in either direction 
reinforcing or suppressing motion imparted to the pool by the 

30 momentum of the gas flew from the plasma torch. Seine motion in 
the pool is generated by momentum transfer from the torch gas to 
the liquid metal. The withdrawal rate is continuously variable 
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from zero up to the maximum melt rate attainable for a given 
material at a given power level. 

Hie power distribution over the melt stock and the 
molten pool is controlled by the motion of the plasma torch. The 

5 torch or torches can be gimbal mounted or otherwise mounted with 
multi-axix movement capability for X, Y, z motion of a torch 
nozzle and emergent plasma. The torch or torches are preferrably 
hydraulically operated and moved in regular patterns which are 
repeated periodically to optionally distribute the power from the 

10 transferred plasma arc among the feedstock to be melted and the 
melt at the top of the crucible. The torch patterns, as defined 
by the geometric forms tracked by the point of impact of the arc 
take the forms of ellipses, points, lines, circles, or a 
combination of forms in series. The power distribution is 

15 determined, and the torch patterns are selected based upon visual 
observation during the melt, and the evaluation of the ingot 
structure subsequent to the melt. 

FIG. 1 shows an initial assemblage 10 of rectangular 
solid form (typically sixty inches length (1), eight inches 
20 height (h) , eight inches width (w) , with alternating w/h 
rectangular layers of niobium (Nb) and copper (Cu) - 
respectively, .20" and .060" inches thick typically in the 1 
dimension for forming a five - thirty (Nb-Cu) weight percent 
composite. 

25 FIG. 1A shows a similar assemblage 10A with twin 1/w 

rectangles of the components interspersed in an h-dimension 
array. 

Other assemblages can be formed, as shown for example in 
FIG. IB where a similar rectangular bar is made up from component 
30 bars of differing orientations of the thin component layers. 



-10- 

cylindrical, elliptical , cruciform or irregular cross- 
section billets can replace the rectangular assemblages of FIGS. 
1, 1A, IB. Concentric or pie wedge arrays can also be provided. * 
Generally pcwder masses are less preferred as initial assemblage; 
5 but pcwder metallurgy produced disks can be used as component * 
layers. 

The components need not be in simple A-B-A-B-A-B 
thicknesses. Staggered arrays of uniform thickness elements can 
be used for ratio control, e.g., A-B-B-A-B-B-A. . . ; A-A-B-B-B-A-A- 
10 B-B-B-. • • ; A-A-B-A-A-B-A-A. ..;etc. Differing thicknesses of 
aarrponerrts can be provided rather than uniform thicknesses. 

Hie assemblage can be made by coating using various 
coating methods — including electrcplating, plasma spraying, 
sputtering, vacuum deposition, casting, plasma vapor deposition, 

15 electropheresis and other kncwn coating technologies to avoid 
cladding problems of certain materials. This approach is 
particularly useful for dhrone-cqpper cxmposites. A layer of 
chrome of five to fifteen mils can be deposited on a sheet of 
copper vdiich is three to six times coating thickness and cut into 

20 short sections which are stacked as described above. 

FIG. 2 shows an apparatus for processing the billet as- 
semblages 10, or the like and comprises a plasma torch system 20 
of kncwn form per se (e.g. , as described in the article: "Plasma 
Torches and Plasma torch Furnaces" by R.c. Eschehbach et ali. , 

25 appearing as Chapter 7 of the book, Plasma Technology in 
Metallurgical Processing (published by Iron and Steel Society, 
Warrendale, Pa., U.S.A., 1987), a billet feeder 30, an arc-melt 
type removable mold stool 40 surrounded by a water cooled mold 
assembly. An enclosure 60 is indicated and comprises vacuum pum- 

30 ping and inert gas backfill equipment (not shewn) . The ingot 70 
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formed by drops melted at the billet collected in pool 72 and 
solidified as stool 40 is pulled downwardly. The assembled feed 
billet can be on the order of half a foot to several feet long 
and have a useful area ranging from about ten square inches to 
5 about one hundred square inches The atmospheric or 
superatmospheric pressure condition of the enclosure suppresses 
volatilization. The torch is designed to accommodate such 
pressure. 

The plasma column 22 can be diverted to end 12 of the 
10 billet 10, to pool 72 or to both. The area as well as the direc- 
tion of the gas column can be controlled. 

While a variety of plasma conditions may be utilized 
consistent with the invention, preferred practice has comprised 
initial evacuation of the melt enclosure to less than ten 

15 microns with sufficient integrity of the vacuum enclosure that 
rate of rise from such level is less than 10 microns per minute, 
then back filling with helium to 740 mm Hg. , then a second pump 
down to 50 microns and a final backfill with helium to the 
operating pressure. If desired, argon can be substituted for 

20 helium. The plasma torch operates with a helium or argon flow 
through the torch, a power input of 250 kw to 3 megawatt is 
provided for the torch and this translates to an effective power 
input of fifty KW to two hundred fifty KW per square inch of 
surface area of heated metal zone at the melt zone surface in the 

25 crucible (and a similar specific power imput when the torch is 
aimed at the feed stock) moving at a rate of two to ten inches 
per second. 

FIG. 3 shows an apparatus similar to FIG. 2, but using 
multiple transferred arc plasma torch systems 2 OA and 20B for 
30 pool and feed heating, respectively. 
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FIGS. 4 and 5 show molten pools 72-4 and 72-5, 
respectively, with plasma column traces 22-4 and 22-5 applied 
thereto in oscillating patterns. These ccotprise a sinusoidal 
trace and flyback return in FIG. 4 and a cxsntinuous annular path » 
5 in FIG. 5. The torch is mounted on gimbals and deflected by 

hydraulic pneumatic or electrical motor drives not shewn to * 
change the plasma in direction for such trace or path movement. 

The practice of the invention is further illustrated by 
the fbllcwing non-limiting examples of practice thereof. 

10 Example 1 

(a) A furnace was set up as shown in FIG. 2. Feedstock 
billets of the form shewn in FIG. 1 were prepared using 5 weight 
percent (w/o) niobium, balance copper, with lew impurity levels 
(i.e. reactor grade niobium, OPHC grade copper). The dimensions 

15 of overall feed stock billets were 3" x 2.5" x 60". The niobium 
oanponerrt was in the form of .020" thick strips and the copper 
was in the form of .060" thick strips. The furnace evacuation 
and backfill conditions were as described above vising helium. 
Melt and resolidif ication processing was as described above and 

20 elaborated in Tables I and n below. An eight inch diameter melt 
crucible was used to produce ingots of approximately 36" in 
length. 

Table I - Process Conditions 

25 (a) Gas Environment Control. The furnace was evacuated 

to a pressure of eight microns with a rate of rise of two 
microns/minute. The furnace was backfilled with helium to a 
pressure of fifty microns. The furnace was then backfilled again 
to a pressure of 800 torr to begin melting. 
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(b) Melting was performed using a Retech RP250T d.c, 
transferred arc plasma torch operating at 180 volts at a current 
of 1,500 amperes. Helium was supplied to the torch at 60 psi at 
a flow rate of 28SCEM. A torch pattern that generated a three 

5 inch diameter circle centered on the crucible center line was 
used. 

(c) Electromagnetic Stirring . 

A stirring current of one hundred amperes was used in 
a stirring coil approximately twelve inches in diameter 
10 surrounding the withdrawal crucible. Polarity was selected so 
that the electromagnetic stirring reinforced the motion imparted 
to the molten metal by manentum transfer from the plasma gas. 

Table U 

(a) Ingot Chemical Analysis 

15 The chemical analysis of the ingot produced in Example I 

is as follows: 



Nb O N c S H Cu 

(wt %) (ppm) (ppm) (ppm) (ppm) (ppm) 

5.1% 91 8 18 5 l Balance 



-14- 

(b) Ingot Structure 

The ingot produced was examined metal lographioally to 
measure the size of the niobium particles. The average particle 
size was 0.97 microns. A representative photomicro^p^ is shewn 
5 in FIG. 6. 

(c) Mechanical Properties 

The ingot produced was hot extruded at a tenperature of 
1,400'F to a one inch dianreter rod and cole drawn to 0.002" 
dia m eter wire. The ultimate tensile strength is shown as a 
1° function of wire size in FIG. 9. The electrical aarxiuctivity of 
the wire was measured; as shown as a function of wire size in 
FIG. 10. 

Example II 

A copper -12 weight percent niobium feedstock assemblage was 
15 processed as in Example I. The ingot produced was characterized 
as described in Table HI below. 

Table HI 

(a) Ingot Qiemical Analysis 

The chemical analysis of the ingot produced in Example II is 
20 as follows: 



Nto 0 N C S H Cu 

(wt %) (ppm) (ppm) (ppm) (ppm) (ppm) 



-15- 

.» '*' 

11.8% 123 19 42 7 1 Balance 



(b) Imot Structure 

The ingot produced in Example II was examined 
metallographically to measure the size of the niobium particles. 
5 The average particle size was found to be 1.40 microns. A 
representative photomicrograph is shown in FIG. 7. 

(c) Meeham'nai Properties 

The ingot produced in Example II was hot extruded at a 
temperature of 1,400'F to a one inch diameter rod and cold drawn 
10 to 0.002" diameter wire. The ultimate tensile strength of this 
wire is shown as a function of wire size in FIG. 9. The 
electrical conductivity of the wire was measured, it is shown as 
a function of wire size in FIG. 10. 

Example HI 

15 A copper -18 weight percent niobium feedstock assemblage 

was processed as in Example I. The ingot produced was 
characterized as described in Table IV below. 

Table IV 

Nb P N C S g CU 

20 (wt %) (ppm) (ppm) (ppm) (ppm) (ppm) 

17.7% 258 70 32 10 4 Balance 
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(b) Imot Structure 

The ingot produced in Example III was examined ? 
metallorgraphically to measure the size of the niobium particles. 
The average particle size was found to be 1.45 microns. A * 
5 representative photomicrogr a ph is shown in PIG, 8. 

(c) Mechanical Properties 

The ingot produced in Exairple III was hot extruded at a 
temperature of of 1,400'F to a one inch diameter rod and 
subsequently cold drawn to 0.002" diameter wire. The ultimate 
10 tensile strength of this wire is shown as a function of wire size 
in FIG. 9. The electrical aanductivity of the wire was measured; 
it is shewn as a function of wire size in FIG. 10. 

It will new be apparent to those skilled in the 
art that other embodiments, iirprovements, details , and uses can 
15 be made consistent with the letter and spirit of the foregoing 
disclosure and within the scope of this patent, which is limited 
only by the following claims, construed in accordance with the 
patent law, including the doctrine of equivalents. 

What is claimed is: 
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1 1. Method of making ingots for the production of 

2 deformation processed composites comprising: 

3 (a) forming an assemblage of interspersed multiple 

4 metal components of a system of at least two components, 

5 (b) melting and then resolidifying, portions of the 

6 assemblage to form a cast product, the melting being conducted at 

7 a pressure of at least 100 mm Hg. to suppress volatilization of 

8 components and at a high energy input rate using a plasma arc, 

9 and the resolidification rate being controlled to produce a 

10 finely divided structure, with the gross composition of the cast 

11 product being essentially the same as that of the assemblage, 

12 whereby a composite is formed with fineness of reinforcing 

13 particle size and purity, substantially improved relative to arc 

14 melted or powder metallurgy materials. 

1 2. Method in accordance with claim 1 wherein the 

2 external energy source is a d.c. transferred plasma arc. 

1 3. Method in accordance with claim 1 and further 

2 comprising the step of stirring the melt for homogenization 

3 therein. 

1 4. Method in accordance with claim 1 wherein the as- 

2 semblage and melt zone are alternately heated by an external 

3 energy source. 

1 5. Method of claim 1 in combination with the step of 

2 deformation-processing the ingot to enhance the strength of the 

3 cast product. 
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1 6. A product as made by the process of claim 1. 

1 7. A irdcxch-ccaiposite product with sub-micron particles 

2 of a first material in a matrix of a second material of lower ? 

3 melting point than the first material, as made by interspersing 

4 of the two materials and rapidly melting and resolidifying the » 

5 interspersed materials under conditions to preserve starting 

6 composition (i.e., suppress volatilization of the first and 

7 second materials and limit contamination) and maintain and 

8 enhance uniformity of dispersion of the first material in the 

9 second and limit grain growth, the microcanoposite product being 

10 workable to elongate the particles of the first material into 

11 sub-micron thickness ribbons or filaments. 

1 8. Hie product of claim 7 vtfierein the first material 

2 is niobium and the second material copper. 



1 
2 
3 



9. The product of claim 8 wherein the niobium 
comprises five to thirty weight percent of the ccmnbined niobium 
and copper. 
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Internet:?.-*! Application No. PCT/US^/O^^S 



J. CLASSIFICATION otsUDJECT MAT TER („ sovor,-,! Cnss-fc.-.^n S ^,c, „ Pcly . ; me nll) . 
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II. FIELDS SEARCHED 



Minimum Docu.'iiciiliition Sosrc r-d ; 



Classi'lcat-c- S/Tbois 



U.S. 



i 164/469,495 



Documentation Searched other than Minimum Documentation 
to the E*ter.t tnnt such Documents arc Includes sn thr; Fields Searched 8 



Ml. DOCUM ENTS CONSIDERED TO BE RELEVANT 9 

Category * 



Cilnhon ol Document. » with indication, whore appropriate, of r ., r,.| tfV n»t passages '2 i Roievant to Claim No. a 



X 

Y 



A 



US, A, 4,61C,2S6 (HIRATAI'ZE ei al.) C9 September 1986 i 1-5 
(See the entire document;: " | 

i 

US, A, 4,017,672 (PATON et al.) 12 Arcil -!Q77 i 1-5 

(Note Figure 1) | 



US, A, 3,894,573 (PATEN et ai.) 15 July 1975 
(Note Figures 2 and 3) 

JP, A, 55-6089 KOBE STEEL, 13 February I960 



1-5 



* Special categones of cited documents: » 

"A" document deOninp tne genera! state of the art which rot 
cons:dereo to be of particular reievance 

"E" earlier document but published on or after the international 
Tiling date 

"L M document v.-Mch may tnrow doubts on prtontv claim(s) or 
which l s cited to establish the publication date ol another 
citation or other sceciat reason (as speciOeu) 

"0 M document referring to an oral disclosii'e, use. exhibition o- 
other means 

"P" document ouohshod orior to the international li.ng dale but 
later than the priority date claimed 



« leler ccc-.imeni published after the Internationa! filing date 
or nr.cpt/ date and not in confhet with tho application but 
cut! *c unuerstand the orinciple or theory underlying tr.o 



CM 

in. 'cm : 



"X" doc-'vent c' particular relevance: the claimed invention 
ca^rct oe censioered novel or cannot bo considRrcd «o 
invo-ve an inveniivo step 

M Y" 03c.'n*en! of particular relevance; t^e claimed invention 
carro: oe considered to involve an inventive step when the 
doc-re": ;s co roamed with one or more other such "docu- 
ments, such combination oeinp oovious to a person sk.-fer* 
m ;re a*;. 



IV. CERTIFICATION " " ~ 


Date of the Actual Completion of the International Search 


- Dale of Ma:.ing of this International Search Report 


22 August 1990 


1 8 OCT 1830 


International Scare hf"j Author;:/ 


Q Si&nature c» Authorized Officer ' " - 


ISA/US 
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V.Q OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE * 

This international search report has net been established in resncct ol certain claims order Arlx!e 1?C2) (a) for ihe foilowsna reasons: 
1-1 I Claim rumbors . because they relate lo subject maiter •= not rc-cuircu to be searched by '.his Authority, namolj: 



2 CD Claim numbers , because they relate to parts o! tt»c international application that do not comply with the prescribed require- 

ment lo such an extent that no meaningful international search can be enrrieu out specifically: 



3. 0 Claim numbers , because they are dependent claims not drafted in accoroance witn the second and mird sentences of 

PCT Rule 6.4(a). 

VI. Q OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 1 

This International Searching Authority found multiple inventions in this international application as foliows: 

1. Claims 1-5, Drawn to a method of making ingots, classified in 

class 164, subclass 76.1 
II. Claims 6-9 draTcn to a micro-composite product, classified in 
class 428, subclass 615. 

t.| | As al: required additional search foes were timely paid by lha applicant, this international search report covers a" searchabie claims 
of trie international application. 

2. fH As o«ty some of the required additional search fees were timely paid by the applicant, th's international search report covers only 

those claims ol the international application for which <c were paid, specifically claims: 



3.f>3 No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to 
the invention f:rst mentioned in the claims; it is covered uy ciaim numbers: 

1-5 (Telephone practice) 

4.1 | As aM searchable claims coutd be searched without of!cr» ji;st.l r ing an acuMiona! fee, tl*»? International Searching Au;nor.ty c"id no: 
*— * :"v,:e payment of any additional lee 

Renw* c-- Protest 

Q T»:u adoilional search Ices were accompanied by applicant's protest. 

n No protest accompanied the payment of aoditionai sea-ch Ic^s. 
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